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Problem Statement

OpenGraded Friction Course (OGFC) is an asphalt mix type that is primarily used on segments
of interstate routes in South Carolina to enhance safety. The mix is designed to be permeable,
allowing water to drain belowhte driving surface and then flow laterally beyond the travel lanes
to be discharged on the shoulder of the roadway. By removing the water from the driving
surface, OGFC reduces the overspray and splash and improves the friction values of the wet
pavement, thereby reducing the risk of hydroplaning. Additionally, OGFC pavements have
improved pavement markingisibilityin wet conditions and can provide a quieter riding surface

as compared to other asphalt and concrete riding surfaces.

OGFC has an intendeeksice life of 10 years. However, localized failures have been observed
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localized failure occurdrigures land2 show examples of these localized, premature failures.

Figure 1 Figure 2
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All OGFC within project has the same mix desigaquirements, is placed on underlying
asphalt in similar condition, and is placed by the same contractor with similar equipriéet.
expectation of the South Carolina Department of Transportation (SCDOT) is for all the OGFC
placed on a project to function as intended for the full service life before areas begin to fail.
Accordingly, the first 10 years of these pavements should have little to no maintenance costs

associated with them.

Across the state, as localized area$D@3FC fail prematurely, unsafe conditiaridoose
stone and uneven pavemeare created. The SCDOT often receives complaints from the public
related to cracked windshields, chipped paint, uneven pavement and overall concerns for safety
as a result of thes failed areas. Because of the unique mix design of OGFC and tk&tesko
traffic control required to place jtlongterm repairs are costly.Though SCDOT crews can and
have patched on the interstates, the production rates are extremely low as compared
O2y (Nl OG2NJ LINPRdzOGA2Y NYidSa |yR GKS {/5h¢ R2S

make the repairs.

Interstates with OGFBecome eligible for additional funds at the end of th&-year
service life. As aresult, SCDOT begins the psoaiprocuring a contract to remove and replace
the OGFC using federal funds designated for interstate maintenance and/or preservation in the
10" year. Since the sections of roadway experiencing localized failures are still early in their
service lifeyrepair costs are nogligible for federal funding. HErefore, the extraordinary costs
are either funded by local SCDOT operating budgets or not addressed at all. Consequently, it is

imperative that the cause of these failurbe determined and eliminated
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This research project is intended to solve a common issue with OGFC pavements and, in
GdzZNy > KStL) 6KS {/5h¢ YSSG D2Ff w 2F Ada { 4N
transportation infrastructuré. If OGFC pavements can perform well foe tentirety oftheir
intended 10year service life, with no localized failures, costly repairs and premature
replacement can be avoided. In turn, the task of utilizing taxpayer funds in an effective and
efficient manner will be achieved and these segnsaftthe interstate system wilbe safer and

more reliable.

Data Collection

In order to identify potential causes of localized OGFC failures, it is necessary to build a
database of all segments of interstates iuBoCarolina that have OGFC whiehs plaed within

the last 10 years. This database will include:

1 Contract data (interstate, mile points)

1 Current age of the pavement

1 Type of OGFC mix us@tbt mix, warm mix, ground tire rubber, etc.)

1 Type of asphalt emulsion used as bonding layer betweasderlying asphalt and
the OGFC

1 Failure locations

1 Field observationfype of failure)
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Field observations will be categorized intwee known failure types Cold Joints, Bridge Joints,
and Mid-Shift Raveling. Definitions of different types of asphaiitppand raveling locations can
be found inAppendix A Failure locations will be marked with GPS coordinates that can be
referenced using Google Earth imagand, usinghistorical imagery, some of these failures will

be studied to determine when the lation began to show visual signs of failure.

If availabledata will be obtained from projects that utilizedPSquipment. This data
can be useful in associating current pavement failures with issues that may have arisen while

paving the referenced lotan.

In an effort toquantify costs to the SCDOT associated with premature failures of OGFC,
information will be compiled to show costs for local maintenance crews to make temporary
repairs, costs to have contractargke permanent repairs and costs pane mile for contractors
to remove and replace OGFC on an entire segment of the interstate as part of a preservation

contract.

Data Analysis

After compiling the database of OGFC locat®omn the interstate system and
documenting field observations at each failure location, the quantity and frequency of failures

can beevaluatedstatewide.

Key Findings

The follow are eight key findingsach with potential causes and possible solutions.
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1. The number ofCold Joint Issuesan and needs to be redude The collection of dati
AppendixB showsthe existing Average Cold Joint Issues per Lane Mile as it relates to the
age of theOGFCGraph 1shows the existing Average Cold Joint Issuesgee Mileand
an Achievable Average Cold Joint Issues per Lane Mile, rbtative to age. This
achievable average was derived from data collected on projects with lower nsuober
cold joint issues per lane mile. If low numbers were achieved on somecgspfhey

should be achievable on all projects.

Cold Joint Issues
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= Avg Cold Joint Issues per Lane Mile

Achievable Average Cold Joint Issues per Lane Mile

Graph 1

One potential cause for these cold joint issues cdod@ result of either the OGFC being
cooler than specified when it gets to the screed or the screed not being hot enough to
slide acossthe surface of the OGEFQT his would cause the asphalt to stretch or tead
ultimately result in stone lossver time Another potential cause could be chemical
contaminationof the OGFCAt the end of each shift, contractors must properly clean the
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paver out to reduce the buildo of emulsion on parts. Onbpproved asphalt release
agent are authorized to be used. Contractors are tempted to use unauthorized
chemicals such as diesel fushce it is readily available in the portable fuel tanks as
opposed to obtaining an approved release agent at the asphalt plant. Unapproved
chemicals such as diesel fuel are prohibited because they degrade the emulsion and
reduce the bonding capacity of the asphalt mix. An asphalt paver that has been cleaned
with ungpproved chemicals would contaminate the first load of asppklced at the cold

joint and could lead to raveling over time.

A potential solution to reduce raveling at cold jointsto passone truckload of OGFC
though the paver to preheat the hopperpnveyor, augers and s@e prior to paving In
addition to preheating the paver, it woulegéduce temperature loss of OGFC as it passes

through the paveiand remove any unapproved chemicals from the paver components

. The number ofBridge Departure Joint Issues far outweighed the number of Bridge
Approach Joint Issues throughout all ages of OGFC. These departure issues can and need
to be reduced. The collection of data shown iAppendix Bshows both the existing
numbers of Bridgeaint Issues, separated by Approach and Departure joints as theg rela

to the age of the OGFCGraph 2shows the percentage of bridge joint issues. The
achievable percentage was derived from data collected on projectsatitiver number

of respective bidge joint issues per bridge joint. If low numbers were achieved on some

projects, they should be achievable on all projects.
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Bridge Joint Issues
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Three wssible causef®r a higher percentage of bridge departure issuese identified.

First, idge approachebeing paved at the end of a shift when the asphalt, paver, and
rollers are hot as compared to bridge departures being paved at the beginning of a shift
(cold joint)when the asphalt, paver, and rollers are cooler than necessary.
Second,fibridgedepartures are paved durirthe middle ofa shift, the potential remains

for the asphalt and paving equipment to cool to a less than desirable temperature. It is
estimated that it takes 280 minutes from the time the paver picks up the screed from
the approach end until the time that all handwork is complete at the departure joint and
mainline paving resumes. Once the paver picks up the screed on the approach, workers
perform the necessary handwork to ensure the joint has a smooth transition onto the

bridge. During this time, the paver is parked at the approach end so workers can shovel

8| Page



additional OGFC from the hopper to fill in low areas. After all handwork is complete, the
paver and workers cross the bridge to the departure end while the rollers conpa
OGFC on the approach end. During this time, the OGFC in the hopper of theapdver
0§KS LI gSNDa . DablBehRverisacrodie brilgé, Preparations to resume
pavingon the departure jointbegn. Similar to the approach jointhe departure end
requires handwork to ensure the transition from the bridge is smooth. The cooling mix
from the hopper is spread across the lane and the workers shovel additional OGFC from
the hopper to fill in low areas. After the handwork is completejninae paving resumes

and the rollers compact the departure joint.

Third, f the OGFC on the departure end is pate@ gradehigher than the bridge deck,
snow removal equipment could damage the surface of the OGFC. Once the surface is
damaged, the d# traffic volumes would continue to deteriorate the pavement, resulting

in large raveled areas at bridge departure locations.

Three potential solutions to reduce raveling at bridge departure jointsre also
identified. First, if the departure end tifie bridge is to be used as the starting location
for a work shift, utilize one truckload of OGFC to preheat the paver prior to paving.
Second, if both the approach andmhrture ends are to be paved the same shift, empty

the paver hopper and conveyaiter paving the approach end and utilize fresh mix from
the truck when beginning to pave the departure enthird, ensure that all bridge joints
provide a smooth transitionro and off of bridge decks. The use of a 10 foot straight

edge could be usedtensure the asphalt is placed at the same grade as the bridge deck.
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3. The number ofMid-Shift Issues can and needs to be reduced. The collection of data
shown inAppendix Bshows both the existing Average M&hift Issues per Lane Mile as
it relates to the age of the OGFGraph 3shows the existing Average M@hift Issues
per Lane Mile and an Achievable Averagjd-Shiftissues per Lane Mile, both relative to
age. This @hievable average was derived from data collected on projects with lower
numbers of mid-shift issues per lane mile. If low numbers were achieved on some

projects, they should be achievable on all projects.
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Graph 3

Reasons foindividual mid-shift issies are unknown and could vary greatly. Possible

reasons for raveling during a shift include, but are limited to:
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1 A truck bed contaminated with an unapproved chemical such as diesel fuel

1 A truck bed contaminated with an excessive amount of an approvedse agent

1 Excessive paver stop that allowed the asphalt in the paver to cool before being
placed and compacted.

1 Chemical contamination of paving equipment while paving, such as fuel on rollers

1 Anexcessively hot load of asphalt batched from the plant

1 An excessively coltbad of asphalt due to a trucking delay or temperature
variation at the asphalt plant

1 A delay in rolling the OGFC, such as an equipment failure with a roller

1 A chemical spill on the pavement after paving was completed

There are severglotential solutons to reducemid-shift raveling onrOGFC. e SCDOT

can inspect all trucks before they are loaded with OGFC to ensure the beds are not
contaminated in any way and that the amount of releaggent is appropriate. Alsdhé
SCDOT shougtrengthen specifications to reduce tladlowabledurations of paver stops.

The current specification allows up to two-8tinute paver stops in one shift but does

not regulate the number of paver stops equal to or less than 29 mindies SCDOT must
regularly deckto ensure contractor employees aoaly utilizingapproved release agesit

on rollers, hand tools, boots, etdn addition, the SCDOT must check the temperature of
each load of asphalt delivered to ensure temperature specifications are th#tere is

an equipment issue with a roller, the paver should be stopped untilpgteeess can
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5.

properly resume. fle SCDOT shoutdquire the contractor to remove and replace any

OGFC in an area of a paver stop exceeding a specified duration.

It wasdetermined that the various issues were not linear with age. Both the data and
graphs inAppendix Bindicate that there were variousssues thatoccurredin newer
sections of OGF@ith higher frequencies of premature fares as compared teections

that were much older.It should be noted thatl-26 EB from MP 0.00 to MP 5.00 was
completed in 2012 and has no issueskrbruary 2019!This section was long enough to
have multiple paving shifts in each lane which increased the opportunitgdidrjoints.
Further research would be warranted to determine the mix type, tack type, month(s) the
OGFC was placed, etc. to use as a guideline for future projects. This section of interstate
is subject to as much winter weather and snow removal as #mr@ection of interstate

in South Carolina.

An attempt was made to correlate documented issues with OGFC to GPS data that was
collected on projects but was unsuccessful. There were only three projects in the state

that utilized GPS data on the asphadtver but the GPS data was inconclusive.

Once OGFC begins to ravel, the rate of deteriorationeiasesand can quickly result in
failed areas that pose safety issuegppendix Cshows a representative sample of
different types of premature failures. $torical imagery from Google Earth show
approximate dates of when segments were paved, dates when issues were first noted

and dates when the pavement had failed completely.
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7. Costs were computed for placing asphaleimn n Q E MHQ | NB | rEtateNB LINS & |
travellaner 4G | f Sy 3dK 27F wmnn.Varbs bdstOaniaridlonsan Bey  LJdzN
found inAppendix D It costs an average of $1,691 for a contractor to ptog area on
a largeinterstate preservation contract. It costs SCDOT Maintenémwes $1,768 to
patch the same area, howeveproduction rates are extremely low andny costs
associated with repairing premature failures of OGIFE€ more than the SCDOT should
spend.

If the SCDOT paid a Contractorrémnove and replacearious areashroughout a long
segment of interstatethe costs were $4,973 For a comparison, the SCDOT asked a
contractor to quote theremoval and replacement @ single location, one using OGFC
mix and the other using a conventional dergaded mix. Té OGFC optiooost $28,007

anddense graded mix optio®2 4G a bPmMpImMTH F2NJLUGKS alyYS wmnan

8. Type of OGFC mixes anges of asphalt emulsions used as a bonding laye not able
to be collected. Specifications allow for various mix types tottheed under a single pay
item for OGFC, therefore the actual mix types cannot be queried from software. Similarly,
asphalt emulsions used as bonding layers are incidental to the unit prices of OGFC so

emulsion types cannot be queried either.
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Implementation Plan

In an effort to reduce the three observed OGFC failure types, several solutions are being

proposed. These can be summarized in five distinct categories.

1. The contractor shouldgss a minimum of a half of a truck load of asphalt throtlgh
paver to both preheat the paver and remove any contaminatitshould be noted that
the newly revised SCDOT specification for OGFC became effective on January 1, 2019 and
requires this. Prior to 2019, this was not required.

2. When paving bridge deptaure ends, empty the paver of any cooling asphalt and utilize
hot asphalt to ensure quality. In addition, the SCDOT inspector should utili2doet
straight edge to ensure a smooth transition from the bridge deck.

3. At the asphalt plant, an SCDOT inspeahould inspect all truck beds for contaminants
as well as check the temperatures of all asphalt before it leaves. Once the truck arrives
at the paver, the asphalt temperature should again be checked to ensure it meets
specifications.

4. The SCDOT shouleduce the allowable duration of paver stops and require any location
of excessive paver stops to be removed and replaced.

5. The SCDOT shouttbnitor and continue to prohibitise of unapproved release agents

This research project will be presented to bottetBeputy Director for Engineering and the
State Pavement Design Engineer. A strong recommendation will be made to tighten the
OGFC specifications in an effort to reduce the observed isJiese are several items in this

Implementation Plan that have sts associated. When crossing a bridge deck to pave the
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departure end, the contractor would have to dispose of any unused OGFC remaining in the
paver. lItis estimated that this amount of mix could cost as muclt@8 &s well as the labor
costs associatkwith loading the asphalt and disposing of it at the asphalt plant. The 10 foot
straight edges are considered to be a todithe-trade but can be purchased for
approximately $120 and can be used for many years. This recommendation would likely
require an additional SCDOT inspector to be utilized at the asphalt plant. The hourly cost
would vary based on the loaded labor rate of the employee. These costs are minimal as

compared to the owner and user costs associated with failing OGFC throughout the stat

One obstacle identified would relate to the specification change regarding the duration of
paver stops. The SCDOT presents any proposed specification changes to the South Carolina
Association of General Contractdg/sGC). The AGC will solicit commédrdm various paving
contractors in South Carolina. Historically, proposed specification changes are debated,
however, this should not be a deterrent. Communication should begin with both the AGC
and the South Carolina Asphalt Paving Association. Osypec#ication change is approved,

the SCDOT could integrate the change and begin training inspectors on the changes. In the
meantime, the SCDOT could distribute these key findings and proposed solutions to
inspectors and paving contractors and proposearges based on Best Management

Practices.
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Evaluation Method

Once the Implementation Plan is in place, the SCDOT should wait five years then recollect
data on OGFC as collected in this report. Data would only need to be obtained from projects
paved uneér the new specification. The new data could be compared to the data for years 1

of this report, located irAppendix B

Summary and Recommendations

This research project shows that there are many OGFC projects that show high numbers
of prematurefailuresin common areasvithin the first 5 years of completionThese failures do
not meet the expectation of the SCDOT or the traveling public. Research efforts and specification

changes need to continue to maximize the lifespan of OGFC on SoutlyGa@la KA IKgl e a @
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AppendixA

Definitions of Different Types of Asphalt Joinésxd Raveling Locations
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1. Cold Jointsg A cold joint is an industry term for a transverse joint installed by the
contractor at the end of a work shift. This joietsquared off at the end of a paving
shift and provides a clean, uniform starting point for the paving equipment when
beginning the next shift of pavingach travel lane will have cold joimtger the length
of the project segmensince there is a limit tohe distancethat can be paved in a
single shift. Failures at cold joints are easily identified because the raveling will begin
at a uniform, transverse joint and proceed in the direction of travel in an irregular
shape. At the beginning of a shift, namnly is the joint cold but the paving equipment
(material transfer device, paver hopper, paver conveyor, possibly the screed, and

rollers)may be cold as well

Good Cold Joints in Both Lane$-77 NB at Mile Point 76
These joints wergpaved in 2014
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Bad Cold Join¢ I-77 SB at Mile Point 69(8
This jointwaspaved in 2013

Bad Cold Join¢ I-77 SB at Mile Point 690L
This joint waspaved in 2013
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2. Bridge Joints; Each bridge hatwo joints per travel lane; one at thapproach end

andone at thedeparture end.All bridges have concrete decks and with the exaapti

of a fewthat have snce been overlaid with asphaltheasphalt pavement terminates

at the approach end and resumes at the departure end. Though a bridge only has two
ends, the potenhial for a bidge joint failure is multiplie@y the number of travel lanes

It is important to note thatmanybridge departure endsould fall into the Cold Joint
category since bridges are logical locations to end a shift. Contractors will often
calculate the required tonnage to stop a shift of work at a bridge approach and start
the next shift at a bridge departure. By doing this, it reditbe number of cold joints

in a segment.

Good BridgeApproachJoints¢ I-77 NB at Mile Point 67.20
These joints wergaved in 2013
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Good Bridge Departurdoints ¢ I-77 NB at Mile Point64.54
These joints wergaved in 2013

Bad Bridge Departure Joirg|-85 SB at Mile Point 48.52
This joint waspaved in 2013

21| Page



3. Mid-Shift Locationg There is dimit to the amount of asphalt can be placed in one
shift. This can vary based tane closure restrictions, asphalt plant production rates,
and the number of trucks available to deliver asphalt from the plant to the paver.
While the beginning and endirgf a shift are cold joints, there are issues in between
these locations.The areas between the beginning of a shift and the end of a shift are
referred to in this document as mishift locations. Failures located at midhift
locations are easily ideffied because the raveling will begin and end in an irregular

shape.

Mid-Shift Raveling; I-77 SBat Mile Point 69.0
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Mid-Shift Raveling; I-26 EB at Mile Point 206.8
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Appendix B

Tables and Graphs of Collected Data
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DATA SUMMARY SHEET (SORTED BY ROUTE)

Total Cold

Total Bridge Joint and

Bridge Bridge Joint Issues Mid-Shift

Begin No. of Completior] Lane | Total Cold| Cold Joint|# of Bridgey Approach |Total Bridgd Departure [Total Bridgq¢ Total Bridgg Total Bridgq per Bridge | Total Mid- | Mid-Shift | Issues per

Road Dir. | MP |End MA Lanes File No. |Contractor] Month/Yr | Miles |Joint Issue{Issues/Mile| in Section| Issues |Approachey Issues [Departureq JointlIssue{ Joints Joint Shift Issueq Issues/Milel Lane-Mile
-20 | W 6.500 13.00 2 [02.040654 |Reeves 7/2012 | 13.00 5 0.38 0.00 0 0 0 0 0 0 #DIV/O! 0 0.00 0.19
-20 | W 13.00 22.74 2 [0280860 Satterfield | 12/2014 | 19.48 2 0.10 3.00 0 6 2 6 2 12 0.17 0 0.00 0.21
1-20 E 22,70 37.70 2 |02..37242A |REA 2/2012 30.00 1 0.03 3.00 0 6 1 6 1 12 0.08 0 0.00 0.07
1-20 | W 37.70 54.40 2 |32.037179A |CR Jackson 5/2012 33.40 6 0.18 4.00 0 8 0 8 0 16 0.00 0 0.00 0.18
-20 [E&W| 60.28 69.90 4 |3240.037174ACR Jackson 5/2012 38.48 2 0.05 10.00 0 20 4 20 4 40 0.10 0 0.00 0.16
1-20 |E&W| 69.90 76.10 4 [4090840 CR Jackson 4/2017 24.80 0 0.00 6.00 0 12 0 12 0 24 0.00 0 0.00 0.00
I-20 |[E&W| 84.55 94.50 4 [28.040658 [Sloan 9/2012 | 39.80 7 0.18 4.00 0 8 1 8 1 16 0.06 5 0.13 0.33
-20 |[E&W| 94.50 105.80 4 [28.039535 |Boggs 5/2016 | 45.20 5 0.11 14.00 0 28 1 28 1 56 0.02 1 0.02 0.15
I-20 | W | 133.80 139.15 2 [Unknown Unknown ?/2016 | 10.70 0 0.00 0.00 0 0 0 0 0 0 #DIV/O! 0 0.00 0.00
I-20 | E | 135.40 139.15 2 [Unknown Unknown ?/2016 7.50 0 0.00 0.00 0 0 0 0 0 0 #DIV/O! 0 0.00 0.00
I-26 | E 0.000 5.00 2 |42.037126A |Sloan 8/2012 | 10.00 0 0.00 0.00 0 0 0 0 0 0 #DIV/O! 0 0.00 0.00
1-26 | W 5.100 13.80 2 [42.039719 [Sloan 12/2012 | 17.40 1 0.06 1.00 0 2 0 2 0 4 0.00 0 0.00 0.06
1-26 E 5.000 11.10 2 [43.038400 |Sloan 5/2011 12.20 1 0.08 1.00 0 2 1 2 1 4 0.25 0 0.00 0.16
1-26 E 11.10 22.00 2 |42.038624A |[Sloan 1/2013 21.80 4 0.18 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.18
I-26 |[E&W| 43.80 60.30 4 [30.038567 [Sloan 4/2015 | 66.00 2 0.03 4.00 0 8 1 8 1 16 0.06 0 0.00 0.05
I-26 |[E&W| 85.16 85.79 4 [Unknown Unknown | 11/2012 | 2.36 2 0.85 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.85
-26 | W 98.01f 99.25 2 |Unknown Unknown 11/2011 | 2.48 1 0.40 0.00 0 0 0 0 0 0 #DIV/0! 1 0.40 0.81
I-26 |E&W| 107.90 109.72 7 ([32.038831 |CR Jackson 10/2014 | 12.74 2 0.16 2.00 0 7 1 7 1 14 0.07 1 0.08 0.31
I-26 |[E&W| 109.72 114.8§ 7 [32.038831 |CR Jackson 10/2014 | 36.12 1 0.03 8.00 1 28 1 28 2 56 0.04 2 0.06 0.14
-26 |[E&W| 114.89 125.70 6 [0932.038170 |Ander/Cola] 11/2016 | 64.92 1 0.02 2.00 0 6 0 6 0 12 0.00 1 0.02 0.03
-26 |[E&W| 125.7Q0 136.00 4 [0932.038170 |Ander/Cola] 11/2016 | 41.20 2 0.05 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.05
I-26 |[E&W| 136.00 149.10 4 [09.040661 |CR Jackson 10/2014 | 52.40 10 0.19 0.00 0 0 1 0 1 0 #DIV/O! 12 0.23 0.44
I-26 |E&W| 181.70 197.69 4 [08.040656 |[Banks 11/2012 | 63.88 8 0.13 4.00 0 8 2 8 2 16 0.13 3 0.05 0.20
I-26 |[E&W| 197.67 198.2§ 6 [08.040656 [Banks 11/2012 | 3.66 0 0.00 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.00
I-26 |E&W| 198.28 204.00 6 [08.038314 [Banks 10/2010 | 34.32 3 0.09 0.00 0 0 0 0 0 0 #DIV/O! 3 0.09 0.17
I-26 |E&W| 204.00 208.54 6 [08.038314 [Banks 10/2010 | 27.24 5 0.18 0.00 0 0 0 0 0 0 #DIV/0! 7 0.26 0.44
I-26 |E&W| 208.54 209.80 8 [08.038314 [Banks 10/2010 | 10.08 1 0.10 2.00 0 8 1 8 1 16 0.06 7 0.69 0.89
I-77 | N&S| 27.00 33.56 4 [8888400 Lane 11/2015 | 26.24 1 0.04 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.04
I-77 | N&S| 48.18 64.70 4 (1220.039419 |Boggs 6/2013 66.08 7 0.11 8.00 0 16 1 16 1 32 0.03 1 0.02 0.12
I-77 | N&S| 64.70 76.00 4 [12.042242 Lane 9/2016 45.20 9 0.20 10.00 0 20 0 20 0 40 0.00 4 0.09 0.29
I-77 |N&S| 76.00 91.50 8 [4680840 Lane 3/2017 |124.00 4 0.03 12.00 0 48 1 48 1 96 0.01 1 0.01 0.04
-85 | N&S| 0.000 10.80 4 [04.040655 [Sloan 10/2014 | 43.20 1 0.02 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.02
-85 | N&S| 10.80 18.80 4 |04.036559A [Sloan 1/2011 | 32.00 4 0.13 0.00 1 0 1 0 2 0 #DIV/0! 1 0.03 0.16
-85 | N&S| 34.00 43.00 6 |0423.037173ASloan 5/2012 | 54.00 7 0.13 6.00 0 18 1 18 1 36 0.03 0 0.00 0.13
1-85 S 43.00 47.30 3 [23.038622 [Sloan 3/2012 12.90 0 0.00 1.00 0 3 0 3 0 6 0.00 0 0.00 0.00
-85 | N 43.00 47.30 3 |2342.039847 |REA 8/2013 12.90 1 0.08 2.00 0 6 0 6 0 12 0.00 2 0.16 0.23
1-85 S 47.30 56.10 3 [2342.039847 |REA 8/2013 26.40 6 0.23 1.00 0 3 2 3 2 6 0.33 3 0.11 0.34
-85 | N&S| 88.00 106.00 4 |11.041486R1|Sloan 11/2015 | 72.00 3 0.04 8.00 0 16 3 16 3 32 0.09 1 0.01 0.06
I-95 [N&S| 0.000 4.000 4 [27.041488 |RB Baker | 11/2013 | 16.00 1 0.06 10.00 0 20 3 20 3 40 0.08 1 0.06 0.13
I-95 [ N&S| 85.70 99.40 4 [38.039031 |CR Jacksop 7/2014 | 54.80 15 0.27 15.00 0 30 5 30 5 60 0.08 3 0.05 0.33
1-95 N | 114.14 131.484 2 |14.037231A |CR Jackson 2/2013 34.68 3 0.09 1.00 0 2 1 2 1 4 0.25 7 0.20 0.29
1-95 S | 114.20 119.40 2 [14.038645 Palmetto 2/2013 10.40 4 0.38 1.00 0 2 1 2 1 4 0.25 10 0.96 1.35
1-95 | N&S| 171.20 193.40 4 |1721.037175ACostello 1/2011 | 88.80 5 0.06 31.00 0 62 6 62 6 124 0.05 5 0.06 0.11
I-520| E&W, 587 11.74 4 0290470 Satterfield | 11/2015 | 23.48 0 0.00 9.00 0 18 0 18 0 36 0.00 0 0.00 0.00
I-526|E&W| 10.12 15.89 4 [08.038314 |Banks 10/2010 | 23.08 8 0.35 18.00 3 36 2 36 5 72 0.07 6 0.26 0.61
I-526|E&W| 17.51) 19.5 4 |10.039363A |Banks 12/2013 | 8.20 1 0.12 12.00 1 24 3 24 4 48 0.08 2 0.24 0.37
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DATA SUMMARY SHEET (SORTED BY DATE)

Total Cold

Total Bridge Joint and

Bridge Bridge Joint Issues Mid- Shift

Begin No. off Completion Total Cold| Cold Joint|# of Bridgey Approach |Total Bridgq Departure [Total Bridgq Total Bridgq Total Bridgq per Bridge | Total Mid-| Mid-Shift | Issues pe

Road Dir. MP [End MR Lanes File No. Contractor| Month/Yr | Lane Mileg Joint Issueq Issues/Mile| in Section| Issues |[Approachey Issues | Departures JointIssue{ Joints Joint Shift Issueq Issues/Mile| Lane-Mile
1-26 E&W | 198.2§ 204.00 6 [08.038314 Banks 10/2010 34.32 3 0.09 0.00 0 0 0 0 0 0 #DIV/0! 3 0.09 0.17
1-26 E&W | 204.00 208.54 6 [08.038314 Banks 10/2010 27.24 5 0.18 0.00 0 0 0 0 0 0 #DIV/0! 7 0.26 0.44
1-26 E&W | 208.54 209.80 8 [08.038314 Banks 10/2010 10.08 1 0.10 2.00 0 8 1 8 1 16 0.06 7 0.69 0.79
I-526| E&W 10.120 15.89 4 |08.038314 Banks 10/2010 23.08 8 0.35 18.00 3 36 2 36 5 72 0.07 6 0.26 0.61
1-85 N&S 10.80 18.80 4 |04.036559A Sloan 1/2011] 32.00 4 0.13 0.00 1 0 1 0 2 0 #DIV/0! 1 0.03 0.16
1-95 N&S | 171.20 193.40 4 |1721.037175A |Costello 1/2011] 88.80 5 0.06 31.00 0 62 6 62 6 124 0.05 5 0.06 0.11
1-26 E 5.000 11.10 2 [43.038400 Sloan 5/2011] 12.20 1 0.08 1.00 0 2 1 2 1 4 0.25 0 0.00 0.08
1-26 W 98.01 99.25 2 |Unknown Unknown 11/2011] 2.48 1 0.40 0.00 0 0 0 0 0 0 #DIV/0! 1 0.40 0.81
1-20 E 22.70 37.70 2 [02..37242A REA 2/2012| 30.00 1 0.03 3.00 0 6 1 6 1 12 0.08 0 0.00 0.03
1-85 S 43.00 47.30 3 [23.038622 Sloan 3/2012] 12.90 0 0.00 1.00 0 3 0 3 0 6 0.00 0 0.00 0.00
1-20 W 37.70 54.40 2 |32.037179A CR Jackson 5/2012| 33.40 6 0.18 4.00 0 8 0 8 0 16 0.00 0 0.00 0.18
1-20 E&W 60.28§ 69.90 4 [3240.037174A |CR Jackson 5/2012| 38.48 2 0.05 10.00 0 20 4 20 4 40 0.10 0 0.00 0.05
1-85 N&S 34.00 43.00 6 |0423.037173A |Sloan 5/2012| 54.00 7 0.13 6.00 0 18 1 18 1 36 0.03 0 0.00 0.13
1-20 W 6.50 13.00 2 [02.040654 Reeves 7/2012| 13.00 5 0.38 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.38
1-26 E 0.000 5.000 2 [42.037126A Sloan 8/2012| 10.00 0 0.00 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.00
1-20 E&W 84.55 9450 4 [28.040658 Sloan 9/2012| 39.80 7 0.18 4.00 0 8 1 8 1 16 0.06 5 0.13 0.30
1-26 E&W 85.1 85.79 4 |Unknown Unknown 11/2012  2.36 2 0.85 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.85
1-26 E&W | 181.70 197.67 4 [08.040656 Banks 11/2012 63.88 8 0.13 4.00 0 8 2 8 2 16 0.13 3 0.05 0.17
1-26 E&W | 197.67 198.24 6 [08.040656 Banks 11/2012  3.66 0 0.00 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.00
1-26 \W 5.100 13.80 2 [42.039719 Sloan 12/2012 17.40 1 0.06 1.00 0 2 0 2 0 4 0.00 0 0.00 0.06
1-26 E 11.10 22.00 2 |42.038624A Sloan 1/2013] 21.80 4 0.18 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.18
1-95 N 114.14 131.48 2 |[14.037231A CR Jackson 2/2013] 34.68 3 0.09 1.00 0 2 1 2 1 4 0.25 7 0.20 0.29
1-95 S 114.2(0 119.4Q0 2 ([14.038645 Palmetto 2/2013] 10.40 4 0.38 1.00 0 2 1 2 1 4 0.25 10 0.96 1.35
1-77 N&S 48.18 64.70 4 [1220.039419 |Boggs 6/2013] 66.08 7 0.11 8.00 0 16 1 16 1 32 0.03 1 0.02 0.12
1-85 N 43.00 47.30 3 [2342.039847 |REA 8/2013] 12.90 1 0.08 2.00 0 6 0 6 0 12 0.00 2 0.16 0.23
1-85 S 47.30 56.10 3 [2342.039847 |REA 8/2013] 26.40 6 0.23 1.00 0 3 2 3 2 6 0.33 3 0.11 0.34
1-95 N&S 0.000 4.000 4 [27.041488 RB Baker 11/2013 16.00 1 0.06 10.00 0 20 3 20 3 40 0.08 1 0.06 0.13
I-526| E&W 17.51] 19.56 4 |10.039363A Banks 12/2013  8.20 1 0.12 12.00 1 24 3 24 4 48 0.08 2 0.24 0.37
1-95 N&S 85.70 99.40 4 [38.039031 CR Jackson 7/2014| 54.80 15 0.27 15.00 0 30 5 30 5 60 0.08 3 0.05 0.33
1-26 E&W | 136.00 149.10 4 [09.040661 CR Jackson 10/2014f 52.40 10 0.19 0.00 0 0 1 0 1 0 #DIV/0! 12 0.23 0.42
1-85 N&S 0.000 10.80 4 [04.040655 Sloan 10/2014 43.20 1 0.02 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.02
1-20 W 13.00 22.74 2 0280860 Satterfield 12/2014, 19.48 2 0.10 3.00 0 6 2 6 2 12 0.17 0 0.00 0.10
1-26 E&W | 107.90 109.72 7 [32.038831 CR Jackson 10/2014 12.74 2 0.16 2.00 0 7 1 7 1 14 0.07 1 0.08 0.24
1-26 E&W | 109.74 114.84 7 ([32.038831 CR Jackson 10/2014, 36.12 1 0.03 8.00 1 28 1 28 2 56 0.04 2 0.06 0.08
1-26 E&W 43.80 60.30 4 [30.038567 Sloan 4/2015 66.00 2 0.03 4.00 0 8 1 8 1 16 0.06 0 0.00 0.03
I-77 N&S 27.00 33.5 4 (8888400 Lane 11/2015 26.24 1 0.04 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.04
1-85 N&S 88.00 106.00 4 |11.041486R1 |Sloan 11/2015 72.00 3 0.04 8.00 0 16 3 16 3 32 0.09 1 0.01 0.06
1-520] E&W 5.87| 11.74 4 (0290470 Satterfield 11/2015 23.48 0 0.00 9.00 0 18 0 18 0 36 0.00 0 0.00 0.00
1-20 E&W 94.50 105.80 4 [28.039535 Boggs 5/2016| 45.20 5 0.11 14.00 0 28 1 28 1 56 0.02 1 0.02 0.13
1-77 N&S 64.700 76.00 4 [12.042242 Lane 9/2016| 45.20 9 0.20 10.00 0 20 0 20 0 40 0.00 4 0.09 0.29
1-26 E&W | 114.84 125.70 6 [0932.038170 [Ander/Cola 11/2016 64.92 1 0.02 2.00 0 6 0 6 0 12 0.00 1 0.02 0.03
1-26 E&W | 125.7(0 136.00 4 [0932.038170 |[Ander/Cola 11/2016 41.20 2 0.05 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.05
1-20 W 133.80 139.13 2 [Unknown Unknown [20167?? 10.70 0 0.00 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.00
1-20 E 135.4(0 139.1§ 2 [Unknown Unknown [20167?? 7.50 0 0.00 0.00 0 0 0 0 0 0 #DIV/0! 0 0.00 0.00
1-77 N&S 76.00 9150 8 (4680840 Lane 3/2017| 124.00 4 0.03 12.00 0 48 1 48 1 96 0.01 1 0.01 0.04
1-20 E&W 69.90 76.10 4 (4090840 CR Jackson 4/2017| 24.80 0 0.00 6.00 0 12 0 12 0 24 0.00 0 0.00 0.00
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Age Summary

Achievablg
Average | Average
Achievablg Cold Joint| Cold Joint
Avgerage | Achievable Achievable Achievable % of Average | Average of and Mid- [ and Mid-
Cold Joint| Cold Joint| Total Bridge % of Bridgq % of Bridgq Bridge % of Bridgq % of Bridgg Combined Mid-Shift | Mid-Shift | Shift Issuey  Shift
Total OGF( Total Cold|Issues/Lan({Issues/Lan{ Bridges in| Approach |Total Bridgd Approache{Approachey Departure | Total Bridgd Departures| Departures| Total Bridgq Total Bridgg Bridge Jointg Total Mid- |Issues/Lan{Issues/Lan{ per Lane- |Issues/Lan
Age | Lane Miles Joint Issue Mile Mile OGFC Issues |Approachey w/ Issues | with Issueq Issues | Departures w/ Issues | with Issueq Joint Issue{ Joints w/ Issues | Shift Issuey  Mile Mile Mile Mile
2017 1 148.80 4.00 0.03 0.00 18.00 0.00 60.00 0.0% 0.0% 1.00 60.00 1.7% 0.0% 1.00 120.00 0.01 1.00 0.01 0.00 0.03 0.00
2016 2 214.72 17.00 0.08 0.00 26.00 0.00 54.00 0.0% 0.0% 1.00 54.00 1.9% 0.0% 1.00 108.00 0.01 6.00 0.03 0.00 0.11 0.00
2015 3 187.72 6.00 0.03 0.00 21.00 0.00 42.00 0.0% 0.0% 4.00 42.00 9.5% 0.0% 4.00 84.00 0.05 1.00 0.01 0.00 0.04 0.00
2014 4 218.74 31.00 0.14 0.00 28.00 1.00 71.00 1.4% 0.0% 10.00 71.00 14.1% 0.0% 11.00 142.00 0.08 18.00 0.08 0.00 0.22 0.00
2013 5 196.46 27.00 0.14 0.00 35.00 1.00 73.00 1.4% 0.0% 11.00 73.00 15.1% 0.0% 12.00 146.00 0.08 26.00 0.13 0.00 0.27 0.00
2012 6 318.88 38.00 0.12 0.03 33.00 0.00 73.00 0.0% 0.0% 9.00 73.00 12.3% 0.0% 9.00 146.00 0.06 8.00 0.03 0.02 0.14 0.05
2011 7 135.48 11.00 0.08 0.05 32.00 1.00 64.00 1.6% 0.0% 8.00 64.00 12.5% 0.0% 9.00 128.00 0.07 7.00 0.05 0.05 0.13 0.10
2010 8 94.72 17.00 0.18 0.10 20.00 3.00 44.00 6.8% 0.0% 3.00 44.00 6.8% 2.8% 6.00 88.00 0.07 23.00 0.24 0.08 0.42 0.18
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Appendix C

Historical Images to Indicate Rate of Deterioration
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Example 1¢ I-95 NB at Mile Poin85.79

Failure at Bridge Departure Joint
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This Google Earth image is dated 10/15/2012 when pawningne 1 and Lane 2 was complete.
¢KS NIVYLI KIR y2i 06SSy LI @SR 4KSYy GKAA AYlF 3ISN

parked in the median indicates tha was paved soon after.
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This Google Earth image is dated 11/16/2017. D&FC in the left travel lane has raveled

O2YLX SGiSteé R2gy (2 GKS dzyRSNIeéAy3d &SN 2F | &

begun raveling as well.
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Factual Data:

1 The SCDOT expe€@&FC to have a Y@ar service life
1 Issues were visible withih.6 years

1 The area had completely failed before 5.1 years
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Example2 ¢ I-26 EBat Mile Point206.8
Mid-Shift Raveling

This Google Earth image is dat®/@/2015. The two red arrowsn the left travel laneanatch the
two red arrows in the image belowA rough texture is beginning to appear where stone is

beginning to ravel from the top down
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This Google Earth image is da®8/2017. The OGFC in thdtlgavel lane has ravelenh parts
O2YL) SiSfe R2pgy (G2 GKS dzyRSNI eAy3a tF&8SNJ2F | &

begun raveling as well.

Factual Data:

1 The SCDOT expects OGFC to haveyadlservice life
1 Issues were visible within 4.&ars

1 The area had completely failed befo& 4 years
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